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The upregulation or downregulation of certain genes is associated with the 54 development and progression of many diseases. Therefore, genetically engineered mice 55 with gene overexpression or knockout have been used to elucidate the precise roles of 56 specific genes in the pathogenesis of a disease (27). For downregulated genes, To overcome some of these problems (24), several modern technologies to 64 manipulate cell-or tissue-specific genes have been developed for determining the 65 definite function of genes in a cell or tissue during the disease process. Among these,
66
the Cre-recombinase-loxP system has been widely used (13, 26) . It is an organism-67 specific gene expression manipulation system for conditional gene knockout in selective inducible manner by using the tamoxifen-or tetracycline-based system (9, 10, 38).
72
Although it is a useful genetic engineering tool, its constraints include a long time to 73 breed mice, low success rates, and difficulty in application to other species. Moreover, 74 the establishment of Cre recombinant animals is very expensive.
75

４
In this study, we devised a simple way to knock down a specific gene in a cell- was also generated by consecutive injection of Hoxb7-Cre-expressing lentivirus (LV-
84
Hoxb7 Cre) and LV-loxP shAQP3 in adult C57BL6/J mice. For the third animal experiment, male C57BL6/J mice (Jackson Laboratories) were 131 assigned to one of the five groups: PBS (Con), LV-Hoxb7 Cre, LV-loxP shAQP3, LV-
132
Hoxb7 Cre + LV-loxP scr, or LV-Hoxb7 Cre + LV-loxP shAQP3.
133
All animals were given the selected treatment on days 0, 4, and 7 by hydrodynamic 134 tail vein injection (18). In a previous study, lentivirus transfection was most effective at 135 6 weeks when 3 consecutive injections were done at a 3 to 4-day interval (18 
Urine volume and osmolality
239
Before the mice were killed, they were put in metabolic cages, and 24-h urine was 240 collected. Urine volume was measured and osmolality was determined using a vapor 241 pressure osmometer (5100C; Wescor, Logan, UT, USA). kidney cells except for the collecting duct cells (Fig. 4B) .
242
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Statistical analysis
294
EGFP expression in the kidney was observed in Hoxb7 Cre mice injected with PBS,
295
LV-loxP scr or LV-loxP shAQP3 (Fig. 5A) . AQP3 protein and mRNA expression 296 assessed by western blotting, immunofluorescence staining, and nested real-time PCR
297
were significantly reduced in Hoxb7 Cre + LV-loxP shAQP3 mice compared to Hoxb7
298
Cre + PBS and Hoxb7 Cre + LV-loxP scr mice (Fig. 5A-5C ). In addition, while urine 299 volume increased significantly, urine osmolality decreased significantly (by 44.4%) in
300
Hoxb7 Cre + LV-loxP shAQP3 mice compared to the other groups (Fig. 5D ). EGFP protein expression in all kidney cells (Fig. 6A, 6C ). However, there were no 306 significant differences in the protein and mRNA expression of AQP3 (Fig. 6A-6C ),
307
urine volume, and urine osmolality in C57BL/6J mice injected with LV-Hoxb7 Cre or 308 LV-loxP shAQP3 alone (Fig. 6F) . In contrast, when consecutive injection of LV-Hoxb7
309
Cre and LV-loxP shAQP3 was performed in these mice, AQP3 protein and mRNA 310 expression were significantly reduced ( Fig. 6A-6C ), along with a significant increase in 311 urine volume and a significant decrease in urine osmolality (Fig. 6F) . The mRNA 312 expression of AQP3 was down-regulated in all mice (n = 12) which were injected with 313 both LV-Hoxb7 Cre and LV-loxP shAQP3 (Fig. 6G) regulated at 3-month of lentivirus injection (Fig. 6H) .
328
On the other hand, EGFP expression was also observed in the colon and trachea of 329 C57BL/6J mice by the administration of LV-loxP shAQP3 with or without LV-Hoxb7
330
Cre, but AQP3 expression was not changed by these treatments (Fig. 7A-7D ). significantly less compared to the study by Grimm et al (12) . Furthermore, the size of 379 shRNA was 19-mer, the same size associated with the least toxicity in that study. In 380 addition, the shRNA used in the current study was designed to exert its effect only in the 381 kidney. These might be the reasons why no serious side effects of in vivo shRNA 382 transduction were observed herein. Nevertheless, the possibility of similar consequences 383 of oversaturated shRNA in the kidney, as in the liver, cannot be completely excluded.
384
To deliver genes or shRNA in a specific organ, the route of administration is an vector used in the current study was designed to express mCherry as a flag protein.
401
Even though the Cre recombinase functions mostly in the nucleus, the flag protein 
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